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Section 1 Introduction. 
Most modern theories of the consumption function are formulated to 
reconcile the low marginal propensity to consume with the relative 
stability of the average propensity to consume observed over longer 
periods, a phenomenon that can not be explained by the Keynesian 
consumption function. Loosely speaking, in recent approaches constraint 
variables are introduced, which mitigate the impact of current real 
disposable income. Important examples are Modigliani and Brumberg's (1955) 
life cycle consumption hypothesis, which stresses the role of wealth and 
Brown (1952) who finds a significant impact of past consumption, which may 
reflect the influence of habits. Among the many articles that deal with 
extensions and refinements of the life cycle theory, an important 
contribution is due to Hall (1978). He formulates the life cycle 
hypothesis as an intertemporal decision problem under uncertainty and shows 
that the first order conditions for an intertemporal optimum imply a first 
order autoregressive process for the marginal utility of consumption. 
Obviously, in this context an overwhelming impact on current consumption is• 
reserved for past consumption. Recently, Muellbauer (1986) has put forward 
a synthesis between Modigliani and Brumberg's life cycle hypothesis and 
Brown's model of habit formation. He gives an impressive historical 
overview of the literature and reviews empirical evidence in the cross-
section context. For a lucid exposition I refer to that paper. He 
investigates two kinds of habit formation, myopie and rational, and gives 
empirical evidence for the U.S. which is in favour of myopie habit 
formation. 
In this paper we study rational habit formation. One of the purposes is to 
extend the results of Muellbauer (1986). We will show that for a general 
pattern of habits and an exponential utility function, an arbitrary 
autoregressive integrated moving average (ARIMA) scheme can be obtained for 
consumption. Many authors (see e.g. King (1983)) have stressed that an 
empirical analysis of the life cycle theory tests the joint hypothesis of 
the life cycle model and the chosen functional form of the utility 
function. Obviously, the result of this paper suggests that ignoring 
habits may explain the frequent rejection of the life cycle hypothesis. We 
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investigate the life cycle consumption model extended for the presence of 
habits, in which the planning horizon is assumed to be infinite. Gale 
(1967) argues that the choice of an infinite plan will affect very 
crucially what one does the very near future and describes the situation 
figuratively as follows 
"One is guiding a ship on a long journey by keeping it lined up with a 
point on the horizon even though one knows that long before that point 
is reached the weather will change (but in an unpredictable way) and it 
will be necessary to piek up a new course with a new reference point, 
again on the horizon rather than just a short distance ahead". 
Throughout the paper we make the assumption of rational expectations, that 
is, we assume that the subjective distribution of the income process used 
in the utility maximization problem coincides with the actual distribution 
of income. The interest rate is assumed to be constant. When a specific 
functional form of the utility function is required, we use the exponential 
utility function. 
The paper is organized as follows. In section 2 we analyze the model. The 
framework is similar to that of Palm and Winder (1987) . The main 
difference is that we extend the preference structure for the presence of 
habits." We assume that the consumer uses only information on expected 
future labor income. This assumption facilitates the analysis considerably 
and differs from the one often made, when consumers are assumed to take 
into account the complete distribution of labor income. It will be shown 
that by choosing the pattern of habits an arbitrary autoregressive 
integrated moving average (ARIMA) process for consumption can be obtained. 
In an example we discuss a special form of rational habits which yields a 
model in the four period difference operator A4. In many studies the use 
of this filter has proved satisfactory in removing seasonal fluctuations. 
Recently, Miron (1986) has suggested that improper handling of seasonality 
might be the explanation for the frequent rejections of the life cycle 
model. He treats the seasonality as an unobserved component for which a 
model is postulated, whereas we model the seasonality as a special form of 
rational habits. We will also indicate how a model with seasonal dummy 
variables may be interpreted as resulting from seasonal shocks to the 
preferences. 
In section 3 we examine quarterly seasonally unadjusted data on consumption 
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for the Netherlands to see whether the data suggest the presence of habits. 
The chosen model is very similar to the one of Davidson and Hendry (1981), 
which they present as the analogue of Hali's model. Under the assumption 
that income is exogenous, the stochastic process of consumption is simply a 
transformation, accomplished by the intertemporal utility maximization 
problem, of the stochastic properties of income. This observation shows 
that the theoretical model generates a number of restrictions between the 
processes for consumption and income. In line with Lucas (1976) we pay 
attention to the implications of structural changes in the process of the 
income variable for the model for consumption. The empirical evidence 
suggests the presence of rational habits, but also shows that the 
implications of the model are not fully in agreement with the information 
in the data. It is argued that a possible remedy to bring the theoretical 
model into agreement with the empirical evidence may be the relaxation of 
the rational expectations assumption. 
Finally, section 4 concludes the study. 
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Section 2 Theory. 
In this section we discuss the implications of the life cycle consiimption 
model when the preference structure exhibits rational habits. At time t 
the representative consumer is assumed to maximize his life time utility 
subject to the life time budget constraint 
00 
MAX l
 i31U($(L)ct+i) 
1 = 0
 (2.1) 
co co 
S.T. I a+r)"1** - d+r)a + l (1+r) ' ^ y | I ) , 
i=0 i=0 
with U'>0 and U''<0, where U' and U'' are the first and second derivatives 
of U. Real consumption and real labqr income are denoted by ct+i an yt+i 
respectively, at+i is real financial wealth, /3 is the time preference 
parameter (o</Kl), r is the real rate of interest, which is assumed to be 
constant (0<r<l) and $(L) is a polynomial of order p in the lag operator L 
*(L) - 1 - «p.L - ... - cp LP 1
 P 
with factorization 
*(L) = (l-TrLXl-Tr L)...(l-7r L). (2.2) 
The subsequent analysis will show that we have to impose the condition that 
the roots of $(L)=0 must lie on or outside the unit circle, that is jn^|<1, 
i=l,...,p. E denotes the expectations operator, and It is the set of 
information available at time t. The only source of uncertainty concerns 
future labor income and it is assumed that the consumer knows the value of 
yt when taking a decision about ct. Hence, E(yt|lt)=yt. 
Model (2.1) shows that the current decision ct is affected by past choices 
of consumption. Winder (1987) investigates the problem (2.1) with finite 
time horizon and Palm and Winder (1987a) examine the model with finite time 
horizon without habits, that is $(L)=1. Muellbauer (1986) discusses the 
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stochastic version of model (2.1) in which expected utility is maximized 
for the case that $(L) is of order 1. In this paper we assume that the 
consumer uses only information on the first (conditional) moments of the 
income process. 
A few comments are in order. Firstly, the life time budget constraint in 
(2.1) results from successive substitution of the period by period budget 
constraints 
at+i - (1+r)at+i-i + ^ t + i l V - ct • i-o.i.-.-
and the boundary condition 
lim (l+r)"1a4.i . - 0, 
l-+oo t+l 
which is the transversality condition. Secondly, the life time budget 
constraint as formulated in (2.1) is meaningless, unless the infinite sums 
converge. This leads to the requirement that ct+i and E(yt+i|lt) are of 
exponential order less than (1+r). A sequence zt+i will be termed of 
exponential order less than (1+r), when there exist i0 and K>0 such that 
for every i>i0 
|z | < Kx1 for every x 6 [1,1+r). (2.3) 
Thirdly, although the discussion of model (2.1) is presented within the 
context of rational habit formation, the preference structure determined in 
(2.1) may be used to model consumption of durable goods. When we lump all 
goods together and assume an average life time of N periods, a depreciation 
rate 5=»N"x and that the stock of durable goods yields a consumption service 
flow which is proportional to its magnitude, it follows that 
s t + i = *K t+ i - ™ " 1 in<N-j>LJ c t + 1 . 
where st+i and V^+i denote the service flow and the stock of durable goods 
in period t+i respectively, and 6 is the proportionality factor. Given an 
intertemporally additive life time utility function with arguments st + i , we 
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conclude that (after normalization) a special case of model (2.1) arises. 
Notice that other schemes of depreciation may be considered and that the 
extension to 
st+i = *<L>Kt+i 
is straightforward, as long as the lag polynomial $(L) in (2.1) satisfies 
the regularity conditions. 
The first order conditions of (2.1) consist of a system of difference 
equations 
3c t+1 
1+P i 
l A«KL)c^,) 
^ i=l t+i' 
1 3_ 
1+r 3 c t+1-1 
1+p-l . 
I A($(Dc,,.) 
i=l-l t+i' 
1=1,2,... 
(2.4) 
Determining the solution of (2.1) corresponds to solving the (p+l)th order 
difference equation (2.4) subject to the (p+1) initial conditions 
ct - 1 ' c t - 2 C t - p a n 0-
l (l+r)"V - (l+r)a + £ (l+r)_xE(y 11 ) . 
i=0 i=0 c 
(2.5) 
Substituting 
3 
3c t+1 
1+P , 
l ^($(L)V.) 
i-1 t+i' 
^ • ( • ( D c ^ ) a(*a)cti+1) 
i-l t+i' de t + i 
and 
3 
3c , ., t+1-1 
f 1+P-l , 1 
l A($(L)c ) 
L
 i-1-1 J 
into (2.4) leads to 
1+P
 ± 
,.„*. , 1
 T 
1+P 
Ï-ITT- a($(L)ch+<) J/^-^^.i,^ 
^ ^[ü'(»<L)ct+1) - j ^ u'($(L)c t+H)i ^ r r * ~ ° 'i=i'2---(2.6) 
A sufficiënt condition for (2.6) to hold true is 
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U'(*(L)ct+i) = /3"1(l+r)"1U'(<&(L)ct+i_1) ,i-l,2 (2.7) 
To arrive at an operational model, it is necessary to choose a speclfie 
functional form for the utility function U. In this paper we assume that 
U(c) = -7"1exp(-7c), 7>0. (2.8) 
With the utility function (2.8), the optimal consumption path corresponds 
to the solution of the linear difference equation of order (p+1) 
*(L)(l-L)ct+i - 7'1lnt)9(l+r)] ,i=l,2,... (2.9) 
with initial conditions ct..1,cb.2 ct-p an<* t n e life time budget 
constraint (2.5). 
The literature on linear difference equations provides us immediately the 
form of the solution of (2.9). When we assume in the first instance that 
the roots of $(L)=0 are distinct and do not lie on the unit circle, (2.9) 
yields as a solution 
p
 i -f 
c . = kni + 7 k.TrT + k ^ 1 (2.10) 
t+1
 ° j=i J J P+1 
with kj ,j—1,2 p+1, determined by the (p+1) initial conditions, and icL , 
i=l,...p, given by (2.2). Imagine the situation in which one of the roots, 
say I/TT-L , lies inside the unit circle. For 17T-L |>:l+r we have a solution of 
the difference equation which is in contradiction with the requirement that 
ct+i is of exponential order less than (1+r). Noting that the ultimate 
result has to hold for every re(0,l), we conclude that all the roots must 
lie on or outside the unit circle. In general, when the first n roots are 
equal and do not lie on the unit circle, the difference equation yields the 
solution 
n • i • " 
c . = k < - V v <J-1J«-
t+i ni + Xk.i
J
"V  + l k.^ + k .l1 . 
0
 j=l J X j-n+1 J J P + 1 
This shows that the case of multiple roots does not lead to incompatibility 
with requirement (2.3), as long as the roots lie outside the unit circle. 
Obviously, multiple roots equal to 1 do not lead to difficulties. In 
conclusion, to avoid a contradiction between condition (2.3) and the 
solution of the difference equation, it is necessary to impose the 
restrictions 
\ir±\<l , i-l,2,...,p. (2.11) 
The restrictions (2.11) could also be derived in a different way. 
Differentiating the objective function in (2.1) with respect" to c t + k leads 
to 
°° . -\ p+k . 
I ^ ( 4 ( L ) c w , ) - - l ^ ' ( ï ( L ) c ) <p , (2.12) 
i-k 3c , t+k t+i 
r=o 
where <p0=-l. Evaluating the marginal utility for the optimal consumption 
path, that is substituting (2.7) into (2.12) yields 
l ^1U($(L)ct+i) - ^kU'($(L)ct+k).$((l+r)"1) . 
^ i=0 -' S ct +k 
The requirement of positive marginal utility leads to $((l+r)~1)>0 ,or 
alternatively 
|7ri| < 1+r ,1-1,2 p. (2.13) 
Noting again that (2.13) has to be valid for all 0<r<l, condition (2.13) 
passes into (2.11). These considerations suggest that condition (2.11) must 
hold for every utility function U and not only (2.8). 
We proceed by examining (2.9). It is convenient to define auxiliary 
variables c£ + i as 
c*t+i = *(L)c t + 1 ,1-0,1,... • 
Solving the difference equation (2.9) subject to the (p+1) initial 
conditions is equivalent to solving the linear first order difference 
equation 
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ct+i " ct+i-l + 7"lln[j8(1+r)]' i"1,2 ( 2 , 1 4 ) 
with one boundary condition, namely the transformed life time budget 
constraint 
00 CO 
l ( 1 + r ) " 1 ^ - (l+r)*(L)a + £ (1+r) "^(«(Dy | It) . (2.15) 
i-O i-O 
It can easily be checked that (2.15) is only equivalent to (2.5) in case of 
an infinite planning horizon. Winder (1987) discusses an alternative 
procedure which enables us to tackle the model with finite time horizon. 
Expression (2.14) can be rewritten as 
c*+i - c* + i7"1liiI0(l+r)]> i-1,2,... , (2.16) 
and substitution of (2.16) into the life time budget constraint (2.15) 
yields 
co 
c t ^ + 7 Xln[/3(l+r)} ^ = ( l + r ) * ( L ) a t _ 1 + £ (1+r) " x E(#(L)y 11 ) (2 .17) 
i=0 
Substituting c£=$(L)ct, formula (2.17) expresses the decision ct as a 
function of income, future income expectations, wealth and past 
consumption. In line with Brown (1952) the latter may be interpreted as 
the influence of habits. 
To investigate the dynamics in consumption, it is convenient to relate ct 
to ct+1. Carrying out the same operations as before for the model solved 
for period t+1 leads to 
00 
C t+1 ^ + 7'Hnt^d+r)] ijf = (l+r)$(L)at + £ (1+r) 'W*iWvt+1+±\ \ + l ) 
l
'° (2.18) 
Dividing (2.18) by 1+r, substituting at=(l+r)at_1+yt-ct and subtracting 
(2.17) yields " 
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4i - c t^ - l l n ^ ( 1 + r ) ^i f t ( 1 + r ) " 1 [ E ( * ( L ) y« . i + i iVi>- E <*< L >yt + i + i i I t ) ] • 
1=0 
When we substitute (l-L)c£+1=$(L)Act+1 and define the consumption 
innovation et+1 as et+1=ct+1-E(ct+1|It), we have 
* ( L ) A c t + 1 = y'hnipa+x)] + « t + 1 (2 .19) 
wi th 
£
t + i - ïfe . V ^ ' ^ ^ ^ ^ t H - i + i ' ^ ^ - ^ ^ ^ y t + n - i i 1 ^ ! • ( 2-20) 
i=0 
Consumption follows an autoregressive integrated (ARI) stochastic process. 
As unit roots are permitted the order of integration may be larger than one 
for an appropriate choice of the lag polynomial $(L) (obviously, 
integration of order zero is excluded). Notice also that a model in the s-
period difference operator As may be obtained by the choice of 
$(L)-1+L+...+LS_1. 
To complete the model for consumption, we have to specify the process for 
labor income. When we assume that income is generated by an ARIMA process 
it is straightforward to show that the consumption innovation is a linear 
transformation of the income innovation. 
Unanticipated changes in the process of the exogenous variable yt have 
definite effects on the model for consumption. In line with Lucas (1976) 
the implications can be traced by using the closed form solutions (2.17) 
and (2.18). The empirical example of the next section shows how structural 
changes can be handled. 
As an illustration we give two examples. The first one corresponds to the 
model discussed by Muellbauer (1986), where it is assumed that the current 
consumption decision is only influenced by previous consumption. In the 
second one we use a lag polynomial with unit roots. As it generates a model 
in the annual difference of consumption, it illustrates the rich 
possibilities of the chosen polynomial for modeling seasonally unadjusted 
consumption series. 
Example 1 $(L)—1-aL. 
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Substitution of $(L)=l-aL into (2.20) leads after some rearranging to 
£
t+i = U-&V-& .V1+r)_i ^WilW-^t+i+ilVi 
1=0 
and 
( l - a L ) A c t + 1 - y'hnlPd+x)] + ^ . 
Example 2 $(L)=1+L+L2+L3. 
Noting t h a t (1+L+L2+L3)(1-L)—1-L*, we have for the consumption p rocess 
Vt+ i^" l l n^ ( 1 + r ) ' + £ t + i • 
where ct+1 is equal to 
£t+l - <X - ( W H .in<l^)"i[E(yt+i+1Ut+1)-E(yt+i+1|lt)] (2.21) 
' 1=0 
as can be verified by substitution of $ (L)-1+L+L2+L3 into (2.20). 
Box and Jenkins (1970) recommend the use of the A4-filter to achieve 
stationarity of quarterly seasonally unadjusted series. In many studies it 
has proven to be an effective way to eliminate the seasonal fluctuations. 
The consumption function of Davidson, Hendry, Srba and Yeo (1978) is an 
illustrative example. Example 2 illustrates how a model in. annual 
differences may be obtained by an appropriate choice of the lag polynomial 
$(L). Hendry and Von Ungern Sternberg (1981) however, present estimation 
results which show that the use of the A4-operator may not be sufficiënt. 
They find significant coefficients for the seasonal dummy variables. 
Hansen and Singleton (1983) discuss the possiblity of a preference 
structure which is liable to shocks. A deterministic seasonal pattern may 
be incorporated in the maximization problem (2.1) and be interpreted as 
"seasonal shocks to the preferences". More particularly, when we assume 
that the consumer solves every time period t the optimization problem 
aa 
Max l ^(«(LJc^. - st+i) 
i=0 
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co co 
S.T. I a+r)'Xct+± = d+r)at_1 + £ (1+r) "XE(yt+i| It) 
i-O i-O 
with (1+L+L2+L3 )st + i=*0, that is the sum over four subsequent quarters is 
equal to zero, it can be shown that with the utility function (2.8) the 
following consumption model results 
*(L)Act+1 = 7'Hn^d+r)] + s t + 1 - st + £ c + 1 . (2.22) 
with £t+i given by (2.20). Notice that in the model without habits, that 
is $(L)=1, the interpretation of the seasonal component as "subsistence" or 
"necessary" consumption is straightforward. Instead of deriving 
satisfaction from total consumption, the consumer is assumed to attach 
utility to consumption in excess of the necessary seasonal component of 
total consumption. For the lag polynomial used in example 2, the result 
corresponding to (2.22) is 
V t + 1 = T'Wd+r)] + at+1 - sfc + ct+1 
with £t+1 given by (2.21). This illustrates how a model in annual 
differences with a deterministic seasonal pattern may be obtained. In Palm 
and Winder (1987b) similar conclusions were reached for the model with a 
stochastic seasonal process. 
In the models discussed above the consumer is assumed to use a finite 
memory with respect to past realizations of consumption. Pollak (1970) 
mentions the possibility of an infinite memory and the utility function in 
(2.1) may be generalized by replacing the utility function argument 
$(L)ct+i by $(L)6(L)_1ct+i, where 9(L) is a finite order lag polynomial. 
It seems reasonable to impose the additional restriction that the roots of 
9(L)-0 lie outside the unit circle. By this restriction we are assured 
that the consumer attaches declining weights to the very past of 
consumption. When we carry out the same operations as before, the 
resulting difference equation will be 
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$(L)(l-L)ct+i - 9(L)7 ln[/3(l+r)] . (2.23) 
The only difference with its "finite memory" counterpart (2.9) is that we 
have as a "forcing variable" 9(L)7_1ln[^(l+r) ] instead of 7~1ln[/3(l+r) ] . 
Solving the model for period t and period t+1 leads to the ultimate result 
$(L)(1-L)ct+1 = e(L)7"1ln[i8(l+r)] + e(L) £ t + 1 
where £t+1 is given by (2.20). Hence, consumption will follow an arbitrary 
stationary, invertible ARIMA process. 
The model with infinite memory may be used to describe consumption 
behaviour with respect to durable goods with an infinite life time. When we 
assume that the stock of durable goods Kt+1 evolves according to 
K_,. - (1-5)K . . + c ,. , t+i v t+i-1 t+i ' 
we have for the service flows st+i 
s_ . = 0K_,. - (l-(l-S)L)"19c^ . . t+i t+i v v ' ' t+i 
Hence, st+i depends on the acquisition of durable goods infinitely far into 
the past. Given an intertemporally additive utility function with arguments 
st + i , the resulting model is a special case of (2.23),. 
In line with the analysis of Hall (1978) the life cycle model has been 
extensively tested by examining the predictive power of information of the 
past. The discussion of the model in this section illustrates that 
checking the significance of past realizations of consumption is not so 
much a test of the life cycle model as a test of the specific form of 
rational habit formation. In the light of the fairly general result derived 
in this section, we may ask the question whether one can infer from an 
empirical analysis that the life cycle model is inappropriate. King (1983) 
raises this issue and notices the problem of determining the distinctive 
characteristics of the life cycle model and the absence of a coherent 
alternative model with which it can be compared. In the next section 
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however, it will be argued that the life cycle consumption model studied in 
this section is not in full agreement with the information in the data for 
the Netherlands. 
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Section 3 Empirical results. 
This section asks whether data series on consumption for the Netherlands 
suggest the presence of habits. Palm and Winder (1987a) investigate the 
life cycle model without habit formation and test the model using 
seasonally adjusted quarterly data on total and nondurable consumption per 
capita. The empirical evidence is consistent with the hypothesis of 
absence of habits. 
Palm and Winder (1987b) study the stochastic life cycle model without 
habits and examine the model using seasonally unadjusted quarterly data on 
nondurable consumption per capita. The seasonality is modeled jointly with 
the dynamics implied by the life cycle model. They assume that observed 
consumption may be decomposed in a life cycle component and a seasonal 
component for which they postulate that the sum of four subsequent quarters 
is white noise. In their ultimate model, A4 ct follows a restricted MA-
process of order 3. In the empirical analysis the model passes the tests 
and provides a satisfactory description of the serial correlation 
properties of the data. In the light of the analysis of section 2, it 
should be clear that the possibility of alternative stochastic processes 
that are data coherent and theory consistent can not be excluded. 
Therefore we have chosen for a new examination of that series. As the 
stochastic behaviour of consumption is implied by the stochastic process of 
income, it is natural to start the analysis by examining the income 
process. Unfortunately, no quarterly seasonally unadjusted data on yt are 
available for the Netherlands. Therefore, we decided to use the same 
income series as Palm and Winder (1987a). Although we would have preferred 
to use a seasonally unadjusted series, the use of an adjusted series is not 
prohibitive since the rational consumer is capable to anticipate on and 
incorporate in his consumption decision the seasonal fluctuations of income 
(see also Miron (1986)). A short decription of the data is given,in 
Appendix A. The data series used are given in figures 1 and 2. 
Inspection of figure 1 clearly shows that the change in income is not 
stationary. In Palm and Winder (1987a) an extensive analysis of the series 
Is carried out. For a detailed discussion we refer to that paper. Here we 
confine ourselves to reproducing the Maximum Likelihood (ML) estimates of 
the income process: 
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F i g . 1 Real l abor and t r a n s f e r income pe r c a p i t a i n the Ne the r l ands , 
1968(1) -1984(4) . 
3600 i -
3100 
2600 
2100 J L J _L J I 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 
F i g . 2 Real nondurable consumption per c a p i t a i n the Ne the r l ands , 1967(1)-
1984(4) . 
2900 i -
2500 -
2100 -
1700 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 
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Ay = 40.46d + 25.19d - 13.01d + v - .428i/ -, (3 .1) 
Z
 (7 .81) (8 .56) (3 .81) (3 .72) 
a
z
 - 809.6 
v 
where d l t = l for 1968(2)-1970(4) 
d 2 t = l fo r 1971(1)-1978(4) 
d3t=l for 1979(1)-1984(4) 
and t-values are reported between parentheses. In Table 1 the values of a 
number of test statistics are given. 
Table 1 Test statistics for model (3.31). 
p BP LB 
4 1.03 1.22 
8 2.98 3.40 
12 5.38 6.37 
16 5.66 6.75 
r?(l) .15 
»7(4) 3.22 
Sx .26 
S2 .07 
The Box-Pierce (BP) and the Ljung-Box (LB) test statistic based on s 
residual autocorrelations has been computed for s=4,8,12 and 16. A 
Lagrange Multiplier (LM) test has been carried out for the null hypothesis 
that j/t in (3.1) has a constant variance against the alternative hypothesis 
that the disturbance has an autoregressive conditional heteroscedastic 
(ARCH) (see Engle (1982) and Weiss (1984)) structure of order 1 and 4 
respectively. The values are reported in table 1 as f?(l) and f?(4). Finally, 
the normality has been checked using the test statistics S^^ and S2 put 
forward by Lomnicki (1961). All test statistics yield insignificant values 
and we conclude that specification (3.1) with the normality assumption of 
ut provides a fairly good description of the income process. 
Inspection of figure 2 immediately reveals that the consumption process is 
not stationary. In the first stage we investigate the correlation structure 
of the annual difference of consumption over the subperiods 1967(1)-1979(4) 
and 1980(1)-1984(4). The autocorrelation function (ACF) does suggest that 
an AR(1)-process-for A Ac t might be compatible with the Information in the 
data. Therefore, we chose for the lag polynomial $(L) in (2.1) 
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S(L) - (1 - aL)(l + L + L2 + L3) . (3.2) 
Substituting (3.2) into (2.19) and (2.20) yields after some rearrangements 
(1 - aL)A4ct - y'llnmi+r)] + et (3.3) 
with 
S - ^ "ïfe^1 - ö ^ ) .V1+r)"i[E(^t+il V ^ t ^ t - l ^ • (3'4) 
1=0 
The drift parameter of the consumption process (3.3) depends only on 
parameters that characterize consumer behaviour and the change of the slope 
of the consumption line from positive to negative is not in accordance with 
the theoretical model. It can only be interpreted within this framework by 
the assumption of a structural change of the parameters. In line with Palm 
and Winder (1987a) we assume that the preference parameter /3 has changed as 
a result of the increased uncertainty about the future. The consequences 
of a decrease of fi to /3* can be traced by using the closed form solutions 
(2.17) and (2.18). They are a persistent downward adjustment of the drift 
parameter in (3.3) after an increase of the drift parameter in the current 
period of size j ' 1r~ 1ln[/3/3*" 1 ] . 
Under the assumption that the changes in the drift parameter of the income 
process were not anticipated, the model for consumption (3.3) needs 
revision. Let us assume that the constant term S moves to 5*. Using 
expressions (2.17) and (2.18) it can be shown that it will give rise to a 
step change in the consumption model (3.3) equal to 
(S*-S)(l+r-a)(l-(l+r)-4)(l+r)r-2. Therefore, both in 1971(1) and 1979(1) 
we should expect a negative adjustment in the drift parameter of 
consumption. This surprising result reflects the role of habits. Although 
it takes a number of periods for the consumer to adjust his consumption 
level to the new perspectives, the consequences for the stochastic process 
are fairly innocent. Introduction of one dummy variable obviates the 
problem. 
The following estimation equation is in accordance with the theoretical 
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model and the empirical findings for the income process 
A.c = .650A.C , + 25.85d- - 14.50d- + 27.52d_ + 31.42d.
 fc + 21.12d_ 4 t 4 t-1 lt 2t 3t 4t 5t (7.32) (2.92) (1.68) (.72) (.83) (.56) 
[6.99] [2.57] [2.84] [4.17] [4.94] [3.33], 
a
z
 - 1413.6 (3.5) 
e 
where dlt=l for 1967(2)-1979(4) 
d2t=l for 1980(1)-1984(4) 
d3t=l for 1971(1) 
d4t-l for 1979(1) 
d5t=l for 1979(4). 
The dummy variables d3t and d4t are included as a result of the structural 
changes in the income process, whereas d2t and d5t emerge because of the 
change in the time preference parameter which is located at the turning 
point of the consumption series. The values between parentheses are the t-
values calculated in the conventional way and those reported between square 
brackets correspond to the t-ratios calculated as in White (1980) (see also 
Domowitz and White (1982) and Bierens (1984)). The latter are robust with 
respect to any form of heteroscedasticity. 
The residuals of the model have been analyzed. They do not exhibit 
significant serial correlation. The ACF takes only significant values for 
r16 and r17 and the BP and LB test statistics yield values that are 
insignificant at commonly used significance levels. Before we saw that 
normality and homoscedasticity of the process for Ayt are not rejected. 
The theoretical implications are that A4cfc follows a normally distributed 
homoscedastic process. Inspection of the values reported in Table 2 shows 
that the empirical findings are not in agreement with the theory. In 
particular, the significant values of the LM test statistic for the 
hypothesis of homoscedasticity against the alternative hypothesis of an 
ARCH structure is in contradiction with the empirical results for the 
income process. In Palm and Winder (1987) an economie argument is given for 
the plausiblity of the appearance of ARCH processes. They argue that when 
we are prepared to relax the assumption of fully rational expectations, we 
may find consumption innovations that can be modeled as an ARCH process 
although the income innovations are homoscedastic. We have seen that a 
structural change in the income series leads to the inclusion of a dummy 
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variable in the consumption model. When the consumer incorrectly assesses 
a shift in the income process, he will become aware of this after a while, 
and adjust his consumption level accordingly. This will lead to an outlier 
which "can be modeled by a dummy variable. A nice feature of ARCH processes 
is that they can handle outliers arising in clusters. The significant 
values of the LM test statistics may be interpreted as a confirmation of 
temporary incorrect assessment of the expected value; of future income by 
the consumer. However, when we stick to the assumption of rational 
expectations there exists a one to one correspondence between the 
stochastic properties of the two series. In that case we have to judge the 
significant values of the LM test for consumption as. being in contradiction 
with the properties of the process for income. 
As the regressors include a lagged dependent variable, the presence of 
heteroscedasticity of an ARCH type implies that ordinary least squares 
(OLS) will no longer give correct Standard errors (see e.g. Weiss (1984)). 
The consistency of the OLS estimates is however not affected. The reported 
t-values in (3.5) illustrate that ignoration of the heteroscedasticity may 
lead to incorrect inference. As the presence of ARCH structures 
jeopardizes the validity of the BP and LB test statistics, we have also 
carried out a test for serial correlation in the residuals put forward by 
Bierens (1984). When the data generating process is strictly stationary, 
this test is consistent with respect to any deviation from the null 
hypothesis. The values of the test statistics for the null hypothesis that 
the errors are martingale differences against the alternative hypothesis 
that the null is false, are reported in Table 2 as r(Ln,e), where L^  and e 
are chosen in line with Bierens' simulation results. For details we refer 
to Bierens (1984, sections 7 and 8). Obviously, the results indicate no 
deviation from the hypothesis of zero residual serial correlation. 
Table 2 Test statistics of model (3.5) 
LB 
4.22 
10.56 
12.10 
19.56 
p BP 
4 4.03 
8 10.10 
12 11.57 
16 18.71 
i?(D 8.97 
7(4) 9.72 
Si -.26 
s2 .27 
r(20,.5) 100.83 r ( 2 0 , 1 . 5 ) 3.54 
-21-
We proceed by examining the point estimates. Substitution of yfc-
E<ytlIt-i>-»/t a n d E(yt + 11lt)-E(y1. + i|lt.1)-(l-ö)i/t> i>2 into (3.4) leads to 
s - (l+r-a)(l - * .4)(1 - ~ ) - v. t (1+r)4 1+r r t 
and hence 
a\et) = (l+r-a)2(l - J ^ ) * (1 - ^ ) 2 ^ V , ) . (3.6) 
With the point estimates #=.428 and a=.650, expression (3.6) shows that 
the variance of the consumption innovation may be smaller as well as larger 
than the variance of the income innovation. For small values of r the 
proportionality factor is smaller than 1. With r=.05 we find for instance 
.71. Hence, it seems reasonable to expect the variance of the consumption 
innovation to be smaller than that of the income innovation. Comparison of 
the reported values in (3.1) and (3.5) shows that the estimates contradict 
this implication. A possible explanation may be the inappropriateness of 
the used income series. It seems more appropriate to use a seasonally 
unadjusted series. Notice that the appearance of an ARCH process does not 
obviate the contradiction. Taking into account the effects of an ARCH 
structure will increase the variance of the consumption innovation (see 
Engle (1982), theorem 2). For the appraisal of the step changes, we have 
to keep in mind that the dummy variables absorb the joint effect of both 
the adjustment of the consumption level and the transformed income 
innovation. From (3.1) we have an estimate of the income innovation and 
the MA-parameter 9 from which we can infer a negative sign of the 
coëfficiënt of d3t and a positive one of d5t. This implication is 
confirmed for d5fc, but violated for d3t. Because of the opposite sign of 
the adjustment of the constant term and the estimate of the transformed 
income innovation, we can not determine a priori the sign of the 
coëfficiënt of d4t. With respect to the evaluation of the size and sign of 
the parameter estimates it should be remarked that the analysis is highly 
tentative. Apart from the fact that we use the point estimates of a, 6, 
a
z
 (i/) and the income innovation, a reinterpretation of the formulae is 
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required as we estimate the model from aggregate per capita data. 
Finally, notice that Davidson and Hendry (1981) investigate the log-linear 
version of model (3.5), which they present as the analogue of Hali's 
(1978) consumption function. Their analysis tempted Hall (1981) to comment 
"I found their tests unconvincing because of their treatment 
of seasonality". 
The foregoing analysis suggests that their model is not the analogue of 
Hali's model, and that their specification is not necessarily incompatible 
with the life cycle theory extended for the presence of habits. 
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Section 4 Summary and concluding remarks. 
In this paper we analyzed a consumption model that establishes a synthesis 
between the life cycle theory and rational habit formation. It was shown 
that a general pattern of habits leads to an arbitrary ARIMA process for 
consumption. The empirical analysis illustrated how the life cycle model 
extended for the presence of habits may be used to describe data on 
quarterly seasonally unadjusted consumption. 
Special attention was paid to the implications of structural changes in the 
income process, which because of replanning, will have an impact on the 
process of consumption. For the model ' with infinite planning horizon 
investigated in section 3, it was shown that the only adjustment consisted 
of the inclusion of one dummy variable in the consumption model. This 
illustrates the gradual adaptation of the consumption level to the new 
perspectives, which is of course a result of the presence of habits. 
The observation that the stochastic process of consumption is a 
transformation of that of income, led to the examination of a number of 
implications of the theoretical model. As the empirically observed 
heteroscedasticity of the ARCH type in the consumption process is in 
contradiction with the homoscedasticity of the income process, we concluded 
that the model was not in full agreement with the information in the data. 
As a possible explanation we suggested a relaxation of the rational 
expectations assumption. The analysis illustrated the importance of an 
examination of the stochastic properties of consumption in relation with 
those of income. When we would have confined ourselves to the examination 
of the Euler equations, the incompatibility would not have come to light. 
Davidson and Hendry (1981) among others have stressed the (almost) 
observational equivalence of models based on forward looking behavior and 
those based on feedback control rules. The models studied in this paper 
provide a new illustration of this observation. The only possibility to 
discriminate between these two interpretations seems to occur when 
structural breaks appear in the forcing variables. When the agents display 
full capacity of anticipatory behavior, the model for consumption differs 
from that of an agent who bases his decision on a feedback rule. The 
empirical analysis carried out in section 3 shows that the dummy variables 
are included to capture the effects of perturbations of future 
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perspectives. In applied work It will usually be diffIcult to determine the 
moment and nature of the structural changes. Thus, the lack of experimental 
data may hinder a thorough examination. Notice that the life cycle model 
extended for the presence of habits effectively establishes a synthesis 
between forward looking and backward looking behaviour. In making his 
decision, the consumer is assumed to incorporate Information on expected 
future labor income and information consisting of past realizations of 
consumption. 
Finally, it should be remarked that the question what habits and 
seasonality are remains unanswered. Muellbauer (1986) raises this issue and 
concludes that the use of aggregate data is unlikely to help very much in 
distinguishing exactly what habits represent. However, some kind of 
behavioral persistence seems not unreasonably and in this paper we have 
shown how this may be incorporated in the preference structure of an 
e c onomi c agent. 
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Appendix A Sources of the data. 
The quarterly series on nondurable consumption per capita in prices of 1980 
for the period 1967(1)-1984(4) has been computed as the sum of consumption 
expenditures per capita on food, beverages, services and other nondurables. 
Monthly indices on these series are published in Centraal Bureau voor de 
Statistiek, Maandstatistiek Binnenlandse Handel en Dienstverlening, 
Staatuitgeverij, 's Gravenhage. Annual figures on expenditures which are 
published in Centraal Bureau voor de Statistiek, Nationale Rekeningen, 
Staatsuitgeverij, 's Gravenhage, have been used to transform the indices 
'into monthly expenditures per capita expressed in prices of 1980. The 
monthly figures have been aggregated into quarterly data. The observations 
on consumption in the first and fourth quarter of 1975 are replaced by an 
average of the corresponding quarters in 1974 and 1976. In Centraal Plan 
Bureau, Centraal Economisch Plan 1976, Staatsuitgeverij, 's Gravenhage, the 
irregular behavior in 1975 is explained as an advance of sales in the first 
quarter from the second and third quarters. The high level of consumption 
in the fourth quarter is due to an increase of sales as a result of a 
change in the excise tax at the beginning of 1976. 
Quarterly data on labor and transfer income for 1968(1)-1984(4) have been 
kindly provided by the Centraal Plan Bureau. To obtain per capita figures 
in 1980 prices, the nominal series has been deflated by the price index of 
total consumption and has been divided by the size of the population. 
